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PERCEPTION  OF  CONTOUR 


I.  INTRODUCTION 

Vision  is  frequently  taken  to  be  synonomous  with  visual  acuity.  In  dis- 
cussing Intensity  oar  brightness  discrimination  and  contour  discrimination 
Parsons^  says,  "Only  the  latter  seem  worthy  of  being  tensed  'vision, ' For 
the  essence  of  vision  is  the  discrimination  of  contours."  To  be  sure,  the 
measurement  of  visual  acuity  consists  of  the  measurement  of  the  ability  to 
discriminate  contours  or  edges  but  leaves  unanswered  the  more  basic  question 
of  what  an  edge  is.  The  object  of  the  present  Investigation  is  to  ascertain 
the  nature  of  the  retinal  stimulus  effective  in  producing  the  perception  of 
an  edge  under  conditions  of  photopic , foveal  vision. 


SUMMARY 

Experimental  evidence  is  presented  which  is  interpreted  as  showing  that 
the  higher  derivatives  of  energy  with  respect  to  distance  on  the  retina  are 
the  main  effective  stimulus  to  contour  formation  and  are  the  feature  of  the 
physical  world  which  chiefly  carries  visual  "intelligence."  An  extensive 
field  of  investigation  would  appear  to  be  available. 


METHOD 

Ordinarily,  the  energy  distribution  in  the  retinal  stimulus  is  not 
readily  determinable  in  accurate  fashion  from  a knowledge  of  the  external 
energy  distribution  presented  to  the  eye.  The  chief  factors  to  be  con- 
sidered in  evaluating  the  energy  distribution  on  the  retina  are  listed  below* 

1.  Chromatic  aberration. 

2.  Spherical  aberration. 

3*  Diffraction. 

U.  Coma. 

5.  Refractive  errors. 

6.  Astigmatism  by  oblique  incidence. 

7*  Curvature  of  field. 

8.  Distortion. 

9*  Fixation  tremor. 

All  of  these  factors  with  the  exception  of  3 > diffraction,  differ  from  in- 
dividual to  individual.  If  we  confine  our  attention  to  relatively  small 
fields  of  a few  degrees  in  the  vicinity  of  the  fovea,  factors  It,  7 and  8; 
coma,  curvature  of  field  and  distortion  become  relatively  minor  effects  and 
factor  6,  astigmatism  by  oblique  incidence,  is  chiefly  composed  of  astig- 
matism by  virtue  of  the  angle  Kappa.  Assuming  an  angle  Kappa  of  2°  and  a 
crystalline  lens  with  a power  of  16  diopters,  in  situ,  the  astigmatism  by 
virtue  of  the  angle  Kappa  is  approximately  .02  diopters  and,  as  will  appear, 
is  a minor  effect.  We  are  left  with  1,  chromatic  aberration;  2,  spherical 
aberration;  3>  diffraction;  refractive  errors  and  9,  fixation  tremor. 
Assuming  a pupil  diameter  of  k mm.,  the  approximate  diameters  of  the  blur 
discs  attributable  to  these  factors  while  the  eye  is  viewing  a theoretical 
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TABLE  I 


Approximate  diameter  of  blur  disc  expressed 
In  seconds  of  arc  subtended  at  the  nodal, 
point  of  the  eye. 


4 am.  diameter  pupil,  no  filter 


1.  Chromatic  aberration. 5 216" 

2.  Spherical  aberration.6  432" 

3.  Diffraction.  34" 

4.  Assumed  uncorrected  refractive 

error  of  .0625  D.  54" 

5.  Fixation  tremor  J 18" 

754k 


TABIZ  II 


Approximate  diameter  of  klnr  disc  expressed 
in  seconds  of  arc  subtended  at  the  nodal 
point  of  the  eye. 


1 mu.  diameter  pupil,  chromatic  filter 


1.  Chromatic  aberration*!  13" 

2.  Spherical  aberration.6  30” 

3.  Diffraction.  135" 

4.  Assumed  uncorrected  refractive 

error  of  .0625  D.  13" 

5.  Fixation  tremor. < 38" 


point  source  ere  given  In  TUble  I*  The  disasters  axe  expressed  In  tens  of 
seooeds  of  arc  subtended  by  the  blur  dlses  at  the  assunsd  nodal  point  of  the 
eye. 


It  Is  observable  that  the  chief  causes  of  blurring  are  spherical  and 
chromatic  aberration.  Furthermore,  there  are  large  Individual  differences 
in  the  amount  end  even  the  sign  of  so  called  "spherical"  aberration  of  the 
eye.2'3»*t  if,  however  a theoretical  point  source  of  light  Is  presented  to 
the  eye  through  an  artificial  pupil  1 me.  In  disaster,  and  tbs  effective 
wave-length  range  of  the  source  be  United  to  from  560  to  585  nlllialarona, 
then  the  calculated  disasters  of  the  resulting  blur  discs  becoas  those  given 
in  Table  H.  It  will  be  observed  that  the  chief  blurring  effect  it  now 
attributable  to  diffraction  at  the  artificial  pupil  and  that  the  Iris  of  the 
eye  no  longer  controls  the  entrenoe  pupil  disaster.  The  effect  of  individual 
differences  on  the  remaining  four  sonants  of  blur  has  also  been  greatly 
reduced.  The  Airy  disc  diffraction  pattern  aey,  for  nany  practical  purposes, 
be  aasuaad  to  consist  merely  of  a visually  affective  portion  of  the  central 
dlsc®*9  over  the  surface  of  which  the  energy  Is  tmlfonu  If,  near,  an  exter- 
nal stimulus  ie  praasntsd  euefe  that  derivatives  of  energy  with  respect  to 
space  In  the  hoxieontel  dl— nelon  have  definite  values  but  la  the  vertical 
dimension  are  all  sitbelantlellj  nero  and  if,  furthexmors,  the  vertical  extent 
of  the  distribution  ho  relatively  large,  then  the  resulting  energy  distri- 
bution on  the  rattan  any  fee  approximately  determined  between  the  limits  of 
plus  and  minus  the  rsdtns  of  the  visually  effective  blur  disc  as  projected 
into  the  |1>wn  q£  thi  itlwltti* 

It  should  hare  he  tibearved  that  the  continuoua  retinal  Intensity  func- 
tions obtained  by  this  procedure  ere  not  necessarily  unlike  those  obtained 
by  presenting  to  thm  eye  one  or  aore  sharp  discontinuous  borders  as  was  done 
for  exarple  by  Mach  In  the  production  of  Mach's  rings.  A sharp  distal  stim- 
ulus of  this  type  will  remit  in  the  production  of  a broad,  blurred  energy 
distribution  on  the  retina.  Unless  a very  small  artificial  pupil  and  narrow 
band  chromatic  filter  is  employed  the  characteristics  of  this  energy  oan  not 
be  well  defined.  Ingenious  experiments  have  been  conducted  to  infer  the 
effective  radius  of  the  blur  disc  In  the  unaided  eye  from  the  results  of 
detexmlnatlone  of  the  energy  Increment  necessary  to  aaka  lines  of  various 
widths  distinguishable  from  their  backgrounds.  In  the  experiments  here  des- 
cribed, however,  an  aghyelologl cal  1y  email  artificial  pupil  and  an  aptayslo- 
loglcally  narrow  wavelength  stimulus  are  employed  in  conjunction  with  a con- 
tinuous energy  distribution  in  the  distal  stimulus  In  order  to  attain  a 
retinal  energy  distribution  which  may  be  ecsputed  with  substantial  accuracy. 

The  procedure  la  first  to  decide  what  scalar  field  of  energy  an  the 
retina  la  desired.  For  exaapis,  we  nay  require  that  the  third  derivative  of 
energy  with  respect  to  distance  in  the  horizontal  dimension  on  the  retina 
pass  through  a maximum  and  that  this  maximum  have  a specific  value.  Me  may 
Impose  other  conditions  on  the  energy  at  this  point  and  on  the  rate  of  chang* 
of  energy  with  distance  or  the  energy  gradient  at  this  point.  The  desired 
soalar  field  on  the  retina  having  been  decided  upon,  an  appropriate  power 
series  Is  oosputed  expressing  energy,  X,  as  a function  of  x,  distanoe  on  the 
retina  In  the  horizontal  dimension.  There  Is  then  oosputed  that  I aa  a func- 
tion of  x In  external  space  which,  when  viewed  by  the  eye  at  a given 
and  through  a given  pupil  and  filter,  will  result  In  the  desired  energy 
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distribution  being  obtained  on  the  retina.  That  is,  a distal  stimulus  is 
confuted  which,  under  the  conditions  of  observation  existing,  will  result  in 
the  desired  proximal  or  retinal  stimulus. 

- APPARATUS 

The  distal  stimulus  is  provided  by  mounting  any  desired,  freshly  cut 
white  paper  disc  on  a black  or  gray  paper  background,  for  example,  as  illus- 
trated in  Figure  1 and  rotating  the  assenbly  about  an  axis  passing  through 
the  point  A and  perpendicular  to  the  plane  of  the  paper. 

The  critical  flicker  frequency  of  the  fovea  is  cosplexly  dependent  upon 
the  area,  intensity  and  teaporal  waveform  of  the  stimulus  as  also  upon  the 
surround^  and  varies  from  point  to  point  on  the  disc.  The  velocity 

of  the  disc  was  made  great  enough  so  that  the  critical  flicker  frequency  was 
aubstantially  exceeded  for  all  points  on  the  disc  as  determined  by  direct 
observation.  The  reflection  factor  of  the  white,  gray  and  black  papers  wa a 
measured  from  time  to  time  with  the  aid  of  a Macbeth  illumlncmater  and  mag- 
nesium carbonate  block  and  by  means  of  a sandwich  type  barrier-layer  photo- 
voltaic cell.  Aa  will  be  noted,  the  experimental  results  are  not  critically 
affected  by  slight  variations  In  absolute  intensity. 

A portion  of  the  rotating  disc  is  Illuminated  in  an  otherwise  dark  room 
by  projecting  upon  it  a rectangular  shaped  area  of  light*  as  also  an  addi- 
tional dot  of  light  as  shown  in  Figure  2. 


10  36'  

FIGURE  2 

*Tafe2r  XI2  gives  values  of  IjjJr  times  filter  transmission  aa  measured  with  a 
BecHaaa  spectrophotometer. 
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TABU  III 


X 

EaJT  times 
filter  transmission 

?30  and  below 

.0 

515 

.2 

520 

1.3 

525 

3.2 

530 

2.3 

535 

.4 

540 

.1 

5^5 

.0 

550 

.0 

555 

1.0 

560 

13.0 

565 

24.1 

570 

23.2 

575 

15.7 

580 

8.2 

585 

2.5 

590 

•6 

595 

• 3 

600 

.1 

6)5 

.1 

610 

.0 

The  dimensions  axe  given  In  minutes  of  are  subtended  at  the  nodal  point  of 
the  eye.  The  projecting  system  and  projected  pattern  are  positioned  relative 
to  the  rotating  disc,  by  a pinion  and  rack  gear  down  mechanism  driven  by 
synchro  transmission*  The  energy  distribution  within  the  projected  pattern 
is  periodically  checked  with  a photocell. 

The  task  of  the  observer  is  to  set  the  central  fiducial  dot  over  any  edge 
which  may  be  observed  on  the  disc.  The  small  standard  deviation  of  the  set- 
tings* when  the  visual  task  is  simple,  shows  that  the  total  error  attribut- 
able to  manual  control  and  mechanical  and  electrical  backlash  is  not  object- 
ionable. Standard  procedures  for  the  control  of  voltage*  lasp  ageing*  vari- 
ation in  reflection  factor  of  paper*  dust*  etc.  were  employed.  The  total 
effect  is  to  present  a desired  time  average  scalar  energy  field  on  the  retina. 


RESUUTS  AHD  DISCUSSION 

In  Figure  3 on  the  y axis  is  plotted  units  of  relative  retinal  energy. 
On  the  x axis  is  plotted  distance  on  tbs  distal  stimulus  in  inches*  each 
square  Sting  *?  inodes.  The  diatanoa  of  obaarvation  was  12  ft*  and*  there- 
fore* each  square  corresponds  to  a retinal  distance  of  fbout  .023  am.*  the 
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exact  figure  depending  upon  the  specific  schematic  or  reduced  eye  used  for 
calculation.  A relative  retinal  energy  of  1.0  corresponds  to  a brightness 
of  65  ■iUilaafcerts  on  the  distal  stimulus.  The  function  depleted  by  the 
solid  line  is  B s .5000  /’IVTPSK?  - 2.9531x9  / 1.§904x»  - .5537*®,  / .0015x9. 
This  function  was  calculated  so  that  dE/dx,  d^E/dx*,  d3s/dx®.  and  dTE/dar  are 
aero  at  both  ends  of  the  retinal  field  while  the  relative  brightness  'is  .5 
at  the  darker  end  and  ,95  at  the  brighter  end.  In  order  to  Obtain  this  ret-  j 
Inal  energy  distribution,  the  distal  stlimfos  presented  was  B - *3000  / 

.OOOlx  - .0005X2  - .0303x3  / .0775*4  / 1.7013x5  - 2.9258k6  / l.Q9^5x7  - 
•3337x9  / .06l5x°,  In  this  Instance,  because  of  the  snail  valnep  of  the 
second  and  higher  derivatives,  the  correction  required  for  optical  blur  is 
very  slight.  The  locations  of  the  observed  edges  or  contours  or  regions  of 
apparent  abrupt  discontinuity  in  the  field  are  Indicated  by  squares  labeled 
E^,  Eg,  Eo  and  E4.  Each  Observed  point  is  the  mean  of  ten  settings  apiece 
by  two  observers.  In  general,  the  standard  error  of  the  mean  for  the  data 
here  discussed  is  less  than  .02"  at  the  distal  stimulus.* 

At  A,  the  value  of  dX/dx  la  maximal  and  equals  *53  which  is  over  20 
times  the  value  of  dE/dx  at  E^  where  an  edge  appears.  It  la  apparent  that  no 
edge  or  contour  is  located  where  the  gradient  of  retinal  lUumi national*  18  is 
maximal.  In  the  vicinity  of  Eg,  is  maximal.  has  been  defined  as 

"the  ratio  of  the  gradient  of  retinal  Illumination  to  Absolute  retinal  ill- 
umination."11 As  will  appear  later  in  this  discussion,  the  existence  of  a 
contour  in  the  vicinity  of  a region  where  <Uj/ax  is  maximal  is  a coincidence. 
Furthermore,  this  is  the  only  point  in  Figure  3 where  is  maximal, 

whilst,  there  are  three  more  edges  to  be  accounted  for.  B and  B1,  d^j/dx2 
is  maximal  and  it  is  apparent  that  no  edge  occurs  at  B or  B*.  It  may  be 
noted,  hgwever,  that  the  edges  and  Eg  are  symmetrically  distributed  as  a 
doublet  About  B while  the  edges  E3  and  E^  are  symnetrically  distributed  as  a 
doublet  about  B'. 

If  we  assume  that  the  human  eye  possesses  on-off  retinal  elements  which 
are  stimulated  via  either  an  ocular  or  head  tremor,  then  these  elements  would 
be  functioning  maximally  in  the  vicinity  of  A on  the  retina.  However,  the 
rate  of  change  of  the  excitation  or  "gradient  of  excitation*11* 12  of  on-off 
elements  would  be  maximal  at  B and  B'  on  the  retina. 

The  hypothesis  has  been  advanced1^  that  on-off  elements,  assumed  to  exist 
in  the  human  eye,  mediate  Contour  perception  while  other  retinal  elements  are 
involved  in  the  light  sense  and  light  difference  sense  of  the  human  eye. 

This  hypothesis  has  been  Supported  by  showing  that  in  certain  patients  with 
eafblyopia  ex  anopsia  the  light  difference  sense  or  intensity  discrimination 
ability  can  be  normal  while  contour  discrimination  and  visual  acuity  are  re- 
duced ten-fold.1*  if  this  hypothesis  is  correct  different  retinal  elements 
are  involved  in  the  evaluation  of  E and  dE/dx  or  d%/dx8.  This  might  make  it 
seem  unlikely  that  a quantity  such  as  dE/dx  would  be  significant  for  contour 


* The  standard  error  of  the  mean  tor..*  fixed  number  of  observations  may  be 
taken  as  a measure  of  the  sharpness  or  distinctness  of  the  contour.  This 
aspect  of  the  problem  will  be  discussed  in  a later  ocsaaunication. 
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perception.  Figure  4 provides  experimental  evidence  on  this  point. 

For  convenience,  Figure  3 has  been  partially  reproduced  in  Figure  4. 

The  curve  to  the  left  in  Figure  4 represents  a different  energy  distribution 
on  the  retina  produced  by  presenting  a new  appropriate  distal  stimulus. 

Again,  the  squares  represent  observed  points.  This  retinal  energy  distri- 
bution produces  only  three  edges  rather  than  the  four  previously  observed. 
This  is  because  the  right  half  of  the  doublet  produced  by  B has  overlapped 
the  left  half  of  the  doublet  produced  by  B'.  The  center  edge  has  been 
marked  Eq  3 to  Indicate  the  fusion  of  the  doublet.  E^  and  EL  appear  to  the 
left  and  fight  of  B and  B'  as  in  'tee  .previous  Figure.  The  circle  labeled  C 
indicates  the  sole  point  at  which  QS/ux  is  maximal.  No  contour,  edge  or 
apparent  discontinuity  in  the  Figure®oocurs  at  C,  thus  providing  further 
evidence  that  jSZfe  is  not  a substantial  determining  factor  in  the  perception 
of  an  edge.  ® 

Figure  5 illustrates  a family  of  retinal  energy  distributions  of  which 
the  two  curves  in  Figure  4 are  menbers.  In  each  instance  a doublet  contour 
or  edge  appears  synmetrically  distributed  about  the  maximal  values  of 
d^s/dx2,  B and  B'«  The  region  between  Bq  and  E3  Appeal's  as  a gray  strip 
intermediate  in  brightness  between  the  brightest  and  the  darkest  portions  of 
tee  Figure.  This  gray  strip  appears  of  uniform  brightness  despite  the  fact 
that  in  this  region  dE/dx  on  the  retina  ie  maximal*  Abrupt  discontinuities 
appear  at  E^  and  E2  where  dE/dx  ie  almost  zero.  As  will  appear  in  a subse- 
quent ccmmml cation,  quite  different  types  of  retinal  energy  distribution 
from  those  here  depicted  will  also  result  in  the  appearance  of  discontinui- 
ties where  bote  dE/dx  and  d^E/dx2  are  zero*  As  the  magnitudes  of  both  the  , 
second  derivative  maximal  at  B and  B'  arm  increased  and  the  values  of  d^/dx1* 
at  B are  likewise  increased,  the  separation  of  the  doublet  edges  is  decreased* 
Nevertheless,  the  inner  umbers  of  the  doublet  approach  each  other  as  the 
separation  between  B and  B*  is  decreased*  This  results  in  a narrowing  of  the 
width  of  gray  ring  from  .310"  to  .211"  to  .207"  and  finally  the  ring 
disappears. 

As  the  maximal  values  of  d^/dx2  and  the  values  of  d^/dx^  at  B and  B' 
are  increased  In  the  successive  umbers  of  this  family,  reading  from  right  to 
left,  the  average  doublet  separation  decreases  from  .639"  to  *598"  to  *392" 
to  .356"  to  .l8o"  as  measured  at  the  distal  stimulus.  A discussion  of  the 
relative  Importance  of  d^/dx2  and  d**E/d x*  in  controlling  the  doublet  width 
ie  beyond  the  scope  of  the  present  paper  (d3g/dbc3  at  B and  B*  is,  of  course, 
always  zero).  That  the  E^  and  E4  edges  In  this  family  occur  at  values  of 
dE/dx  equal  approximately  zero  la,  of  course,  fortuitous.  The  use  of  other 
types  of  energy  distribution  clearly  demonstrates  that  contours  may  be  formed 
regardless  of  the  value  of  dE/dx  or  indeed,  tee  location  of  the  edges 

in  this  family  of  figures  Is  substantially  unaffected  by  a rotation  of  the 
figure  about  an  axis  passing  perpendicularly  through  the  point  x s 0,  E = .5. 
The  email  dashed  line  curve  and  the  squares  thereon  show  the  experimental 
results  obtained  when  the  relative  energy  increment  is  only  .1  instead  of  .45. 
The  reduction  in  the  values  of  d2js/dx^  and  d^/dx*  has  increased  the  doublet 
separation  as  compared  with  the  solid  line  curve  at  the  extreme  left  but 
three  edges  are  still  produced  and,  indeed,  three  edges  are  stiU  produced 
with  smaller  energy  increments  not  conveniently  plotted  on  this  figure.  Since 
a relative  energy  increase  from  .5  to  .6  suffices  to  produce  three  edges,  a 
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relative  energy  Increase  from  .5  to  .95  would  suffice  to  produce  sane  four- 
teen edges  and,  indeed,  can  be  caused  so  to  do  if  the  number  of  B points  is 
increased.  This  demonstrates  that  minor  Increases  in  E increments,  despite 
huge  values  of  dE/dx,  will  not  produce  additional  contours. 

It  remains  to  describe  the  subjective  appearance  of  these  figures. 

Where  Ij,  Eg,  E*  and  Ej.  are  all  present,  the  subjective  appearance  is  as 
follows.  All  or  the  figure  to  the  left  of  Ex  appears  as  a uniform  medium 
gray,  between  Ex  and  Eg  is  a darker  gray  strip,  between  Ea  and  £*  is  a uni- 
form bright  gray  strip,  between  So  and  la  a uniform  white  strip  whereas 
from  on  to  the  right  is  a lees  ~t>  right  region.  It  is  apparent  from  this 
description  that  the  subjective  'brightness  is  far  from  conpletely  dependent 
on  the  energy  density  Incident  on  the  retina  and  that  Information  received 
from  on-off  elements  can  take  precedence  over  the  light  difference  sense. 

A phenomenon  which  was  observed  by  Msch^  is  probably  a special  cue  of 
Figure  5,  but  since  the  figures  which  Mach  employed  were  of  the  nature  shown 
In  Figure  6,  in  which  all  derivatives  of  the  distal  stimulus  were  discon- 
tinuous and  the  nature  of  the  proximal  retinal  stimulus  was  unknown,  an 
analysis  could  not  be  made  and  the  effect  was  attributed  by  Mach  to  the  fact 
that  the  "light  Intensity  falls  short  of  the  mean  intensity  of  the  adjacent 
parts. " As  can  be  sees  from  Figure  5#  the  naan  intensity  of,  say,  the 
brightest  section  may  be  greater  or  less  than  the  maen  intensity  of  the  adja- 
cent parts  depending  to  a certain  extent  on  the  definition  of  these  parts. 


This  classical  view  that  contour  perception  is  somehow  a special  case  of 
intensity  discrimination  can  be  seen  in  two  investigations  of  a very  practi- 
cal nature  which  have  been  conducted  to  ascertain  the  effect  on  intensity 
discrimination  of  making  the  dividing  line  between  the  two  sides  of  a com- 
parison field  diffuse.  A variable  penumbra  was  eoployed  by  Middleton^  while 
ground  glass  discs  of  various  thicknesses  were  used  by  Bennett. m both 
Investigations  the  chief  effort  was  directed  toward  ascertaining  the  value  of 
AI»  The  perception  of  an  edge,  where  it  occurred,  or  the  accuracy  with  which 
it  could  be  located  were  not  investigated.  It  is  interesting  to  observe  that 
by  controlled  manipulation  of  the  proximal  stimulus,  as  in  Figure  5>  the  value 
of  A I could  have  been  made  zero,  or,  as  it  were,  negative. 
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FUTURE  DEVELOPMENTS 


If  further  investigation  confirms  the  notion  that  the  higher  derivatives 
of  E with  respect  to  retinal  distance  are  the  chief  effective  and  only  prac- 
tical stimuli  for  oontour  formation,  then  ve  have  the  beginning  of  an  ex- 
planation for  visual  acuity,  as  Bart  ley  ^7  says,  'Visual  acuity  involves  the 
formation  of  contours;  it  is  scarcely  a reality  until  this  occurs."  We  also 
have  the  beginning  of  an  explanation  of  brightness  contrast  of  which 
Bartley^  says,  "This  has  been  observed  so  many  times  by  most  of  us  it  is  as 
coonon  as  the  major  facts  of  gravitation.  It  simply  seems  as  though  it 
"ought"  to  occur,  but  why  it  does  occur  has  never  been  explained.  Notwith- 
standing, the  phenomenon  surely  does  not  fall  into  the  category  of  those 
facts  of  nature  which  are  simply  to  be  taken  as  axiomatic.  The  many  efforts 
to  explain  it  show  that  it  hardly  has  been  so  taken.  But,  on  the  other  hand, 
the  phenomenon  has  been  used  in  consecutive  breaths  both  as  a thing  to  be 
explained  and  the  explanation." 

The  values  of  the  various  derivatives  necessary  to  produce  contours  and 
the  Interrelations  of  these  values  may,  of  course,  be  investigated  as  a 
function  of: 

1.  Wavelength. 

2.  Intensity. 

3*  Temporal  duration. 

4.  Size  of  field. 

5.  Length  of  contour. 

6.  Location  on  retina. 

7*  Anoxemia,  fatigue,  drugs. 

8.  Amblyopia  ex  anopsia,  optic  nerve  defects, 
retinopathy,  etc. 

Since  not  only  the  location  but  the  sharpness  of  the  contour  is  a vari- 
able and  the  above  factors  may  be  interrelated,  it  seems  likely  that  no  one 
individual  can  explore  the  field. 

Preliminary  experiments  with  one  stimulus  presented  to  one  eye  and  a 
different  stimulus  presented  to  the  other  eye  suggests  that  the  edge  may  be 
the  effective  stimulus  for  binocular  fixation  even  with  dE/dx  differing  in 
algebraic  sign  to  the  two  eyes  and  no  two  corresponding  points  stimulated  by 
the  same  E.  This  should  be  further  examined. 

If  the  significance  of  the  higher  derivatives  for  the  formation  of  con- 
tours is  as  great  as  it  appears  to  be,  then  we  have  found  which  feature  of 
the  physical  world  chiefly  carries  visual  "Intelligence"  Just  as  we  have 
found  that  the  upper  frequency,  although  low  volume  range,  chiefly  carries 
auditory  "intelligence.” 
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